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CMS detector overview

Total weight 14000 t 76k scintillating

Overall diam
: ECAL HCAL

3.8T Solenoid

Pixel
Tracker Silicon Trackers
Pixel (100x150 pm?)
ECAL ~ 1m? ~66M ch
HCAL Strip (80-180 pm)

3 Pl Muon Barrel
uons _ m " 250 Drift Tubes (DT)
Solenoid coil

480 Resistive Plate Chamb
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PbWO, crystals Scintillator/brass
Interleaved -7k ch

Muon Endcap

473 Cathode Strip Chambers (CSC)
432 Resistive Plate Chambers (RPC)

Preshower

Si Strips ~16 m?
=137k ch

Steel + quarts
fibers ~2k ch

(RPC)

- detectors are under

State of the art detector
Ideal for direct particle
detection of electrons,
muons,jets, etc...

Indirect identification of
neutrinos

During the long shutdown
many of these sub-
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Motivation

® With the imminent LHC luminosity increase muon triggering
becomes a real challenge

@In order fto keep a constant bandwidth muon pT
thresholds have to be raised

® Currently L1 Trigger rate inflated by momentum mis-
measurements in the CSC system

@ A second muon system in the forward region could help
to reduce +trigger rate and improve momentum
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CSC Muon Detection System

@@ CMS forward muon triggering
(1.6<Inl<2.4) relies entirely on the
Cathode Strip Chamber (CSC) system

® CSC chambers contain six layers
of radial cathode strips

@ The actual trigger configuration
require to have tracks that leave a
signal in at least 2 CSC stations

Muon Track

Comparator Bits
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GEM Project

® Gas Electron Multiplier (GEM) is a
jonization detector

® Installation of GEM detectors is
proposed in the CMS high-eta
region 1.6<|nl<2.1-2.4

® GEMs would provide redundancy in

the muon system for a robust

tracking and friggering

GE1/1 GE2/1
Possible installation
GEM GE1/1 detector of a second GEM
installation proposed station (GE2/1) for
for the second long the third long
shutdown shutdown

(feasibility studies

(2016-2017) undergoing)
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CSC-GEM bending angle
\\ ® L1 muon momentum resolution can be

CSC improved with a second detector

magnetic

® A second muon system could improve
resolution if one can measure the
“bending angle”

soft muons amiving toji | | B ¢ CSC are too thin (llcm) to see the

YE-1/1 from IP are “bent” .
by the magentic field ; ) bend

CMS Simulation

L1 Trlgger
1 64<Inl<2 14

| using full GEANT simulation
f_muonb_SGe'wc ® Using muons with pT=5 and
_muonp =20 GeV/c PT=20 GeV y
| | ® Good discrimination and a|

|

0.02 0.025 0.03

A®(GEM,CSC) [rad]
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Trigger rate reduction with GEMs

L1 Single Muon Trigger CMS Simulation
_ Slngle muon trigger |n 2012 conflguratlon [GM ]
: ' L1 Select|ons(>33tat|ons) ® GEMs allow a strong rate

—838 lt?gohs:ce | reduction and high reconstruction

5 . R GEM+CSC Integrated Trigger efficiency for lower thresholds

10?

rate [kHz]
é

@ from preliminary simulation
studies we can get 5x rate
reduction or— muons with
pT=25G6G¢V compared with the

----- ded<hi<zta N\

L 4*1034 cm2$1

350 450505 T tight CSC scenario (requiring a
; : track with hits in at least 3 CSC
. GEM:CSCIGMT ' stations)
fff: . GEI:\/I+C:SC/:CS:C :tlgh:t | :
3 45678910 20 304050  10° ® By reducing the rates we can

Pl [GeV/c] lower the muon pT thresholds

allowing to explore an extended
range used for different analysis
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Standalone GEM simulation

@ Standalone simulation of GEM detector using ANSYS and GARFIELD
e High electric field in the GEM Hole is simulated

® Gas under consideration is a mixture of Ar/C0./C¥qy

® Several parameters can be studied as a function of the electric
field, such as diffusion, gain, drift velocity, etc..

Triple-GEM
arrangement Effective gain comparison for

Electric Field two different gas mixtures

at the center
of the GEM
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GEM Detector Simulation

e full simulation of the GEM detector
@ GE1/1 geometry considered

® No modeling of cluster size
ePreliminary test beam results for
average cluster size of ~1.5 strips

® No extra random noise
eProbability of a noise hit is 0.5% per
BX per chamber and has negligible effect
on dquantities we are concerned about
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Triple-GEM prototypes

Small GEM prototype

_ . Dnft
r— PR — a— ' Drift gap 3.00 mm
: b  GEM 3 e—
) - T4

e GEMo 1.00 /2.00 mim
o LLivi2

'\‘ T2 2.00 mm

L GEM1

E‘Anode Induction_gap 1.()() /2.00 mm

® Active area of 10x10cm

® tested in RD51 CERN lab

® Using standard Ar/C0. gas mixture

® Characterized by measuring 9ain and pulse height
spectra with radioactive sources

full-size Triple-GEM prototype

e full size prototype for a CSC GE1l/1 station with trapezoidal shape
® Active area of 990mm x (220-455)mm
® 1024 channels, 4 n partitions

Shielding
openings for

VFAT clcc:romcs,\s-

Readout

Frame ~
~

GEM Foll

\>{ S

Drift plane

Gas grooves
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GEM foil stretching
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Test Beam Analysis

® Test beam analysis using muon and pion beams
® Using data from the 2012 data campaign
@ Very preliminary results (still working on alignment issues)

Beam profile on Tracker 1 Syttt Beam profile on Tracker 1
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® 3 scintillators for triggering
® 3 trackers: 10x10 triple GEMs
e 1 timing GEM
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Test Beam Analysis

Test Beam Results

GEL/1 Spatial Resolution GEM Residual[mm]
Entries 13026
1400 . x* I ndf 929.6 /112
Constant 1387 +17.1
1200 § GE11-IV Mean -0.02642 + 0.00263

Thr=12 v'fﬂt — Sigma 0.2761 + 0.0022
[comp=100

800 Gas MuycAr/COoO2/
CF4 =256 um
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summary and plans

® The installation of triple-GEM detectors in the high-
eta region (l.6<|etal<2.4) would help to reduce the
trigger rate in high luminosity LHC scenarios and at
the same +time keep high muon reconstruction
efficiency with lower thresholds

@ The GEM project has moved forward, CMS
collaboration has given green light for the preparation
of a Technical Design Report (TDR) (expected to be
ready by October 2014)

® The installation of the GEM (GE1/1) chamber is
planned for the second long shutdown (2016-2017)
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Muon System and Physics Reach

Conservative scenario: focus on

precision measurement of Higgs
couplings CUS Prtiminary (57T, L 561 " (6 - T, L < 1085
Muon system is critical for both ¥ [ ¢ smbigs e Fermiophobic o Bkg. only
bosonic and fermionic couplings: 2

H— WW and ZZ are key to the
precision on HVV couplings

H—11 is key for measuring fermion

couplings Hff

« Muon + hadronic tau is the most
sensitive channel; fully relies on muon

trigger o
Requires an efficient muon
trigger and offline

Maximizing the coverage is
Important

Thursday, August 15, 13



Impact of Trigger Thresholds

H—>1T _)“'Thad Slgnal ) cmsuntlemaN‘TuTev 1. 5<|’1|<2 1
fast falhng muon e - Adrian Perieanu & A.S. -

——

momentum spectrum [ GEM+CsC :
- Need low p; thresholds pr>13 GeV :F;gra(;izv E
- Lose half (1) of the : PT>25

Novonts

—

ou increase p; threshold
y 10 GeV

Better background
rejection in the triggeris
required

If achievable, makes a
large impact on the
CMS physics reach

acceptance every time j No LaUpgrade-

Pr>42 GeV -
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